Abstract. Large amount of wind generation is likely to be installed in Australia in coming years. In the current climate change and environment, wind energy will not only be able to contribute to securing Australian energy independence and climate goals in the future but also it could also turn a serious energy supply problem into an opportunity in the form of commercial benefits, technology research, export and employment. Due to the ever increasing integration of this renewable energy, the transfer capability has been a major concern. The main purpose of this study is to assess the transfer stability analysis of impact of wind turbine technology connected to weak power system and short transmission distance with various demand conditions when wind turbine with ZPM connected at transmission network level and its compliance to National Electricity Rule (NER). PSS/E software has been used for the study which accurately simulate the power system and wind turbine. NER compliance has been used as an example to test Grid compliance. The fault ride-through requirement for wind energy converters has also been a common practice as conventional power plants. Therefore various system faults have been simulated to see the impact of renewable on the system. Studies show that for all faults under most scenarios, the system remains stable and well damped, i.e. oscillations are damped to 50% within 5 seconds. Even for the most severe fault with 230kV line cleared by circuit breaker protection by tripping all the lines connected to 230kV bus, the system remains stable and well damped.
Introduction
The primary objective of the power system network is to transmit and distribute power:
1) under stable (sustaining small disturbances) condition, 2) be secure (currents, voltages, angles and frequencies within tolerances limit), and 3) in optimal way (economy).
For the system to be secure and stable, it is also important that the system be capable of withstanding some major disturbances such as various types of line faults and/or sudden loss of equipments without severe system consequences. A secure system can be achieved with required degrees of local stability, viability and transient stability [1] . Modelling of the network with wind power to find out the voltage drop, transients, fault level and optimisation along with planning and careful implementation of software control for protection are the strategies to bring about the smooth and effective operation of various controllers connected to the network [2] .
Transient stability is the capability of the power system to maintain synchronism under severe transient disturbances. Such a system exposed to large oscillation of generator rotor angles and is characterised by the non-linear power-angle relationship [3] . Stability depends on both the initial operating state of the system and the extent of the perturbation.
These studies are particularly important due to the growing interest in interconnecting wind energy sources to large and complex power systems. For a wind generator connected to a utility distribution system, both the terminal voltage and frequency are fixed by the network and so the small wind generator has some control over its terminal voltage through voltage control mechanism and none over the system frequency [4] . Wind generators are attractive for utility interconnection as they allow independent control of real and reactive power. The multi-machine multi-bus system analysis simulates accurately the behaviour of a real power system connected with wind farm (WF). Flexible control options in WF allows fault to ride-though in Zero Power Mode (ZPM), this feature is likely to resolve critical problems for the implementation of fault ride through schemes for wind energy converters [5] . The PSS/E model used has a threshold for entering and leaving ZPM to be 0.4 pu. This paper gives a generalised model [4] for dynamic stability analysis of interconnected system which includes the wind machines and the exciters with photovoltaic. To simulate multi-machine multi-bus system for power system design the Power System Simulator for Engineers (PSS/E) has been used [6] . It also compares the compliance of connection to the national grid with National Electricity Market (NEM) rule [7] .
The Power System Model
PSS/E wind package (GE Wind 1.5 MW) is used to model the large wind farm of 150MW. Wind turbine generators (WTGs) are modeled by the various 'sub-models' [5] .
The load flow is performed on the multi-machine multi-bus system corresponding to the loading conditions. The machines are represented by the two-axis models, the exciters by IEEE Type-1 models and the loads are modeled as constant impedances. Photovoltaic are modeled as negative load. To save programming time, it has become common [8,9] to limit the machine and exciter representations to some specified models. The network admittance matrix is reduced by retaining only the internal buses of the generators. The reduced network, machine and exciter data are then combined to form a linearised state-space model representing the entire system.
Dynamic Stability Analysis

Generating System Response to Disturbances Following Contingency Events
The wind farm's response to disturbances following contingency event has been analysed through its fault ride through (FRT) performance. FRT performance is a typical issue for wind farms and wind power in both transmission and sub-transmission area [10] . The wind farm, for a system disturbance, should remain in continuous uninterrupted operation provided that such disturbance would not disconnect the wind farm from the power system when a network elements is removed from service. The wind turbine (WT) of Wind farm will stay in operation and ride through such disturbances in the Zero Power Mode (ZPM). The WTs will reduce their active and reactive power output to zero during the fault. It is assumed that when the generator leaves ZPM, it is modeled as providing priority for increasing active power and injecting reactive power only after its achieves its maximum power output. The initial conditions corresponding to the loading condition of the machines are determined. Using the initial conditions the elements of the A-matrix (elements of machine and exciter states) are obtained [8] . The dynamic simulation study has been carried out using PSS/E. The machine is modeled with sub-transient effect. Various fault simulation are performed with a step size of 0.001 sec.
The System Investigation
The power system as considered in Figure 1 comprises of aggregated five utility generators and one renewable energy source (wind farm) connected to bus10 named as generator G4. Wind farm is connected to Bus6 through a step up transformer (T4). It can be seen that the generation capacity of the wind farm source is small compared to that of the other machines in the utility. The multi-bus system shown in the figure mostly consists of 230kV line and one 500kV line (Bus12-Bus 13).
Studies are undertaken to determine wind generator response to faults with various demand conditions. These studies are conducted to demonstrate that wind generator will not trip in association with fault and trip of a large generator or major interconnecting transmission line. The system under consideration is a small system with less system inertia. Therefore a trip of larger generator could not be simulated as the wind generator tripped in association with the fault. There is no doubt that the wind generator will not trip in association with fault for a large system with high inertia. 
kV Fault Ride through Analysis
The fault ride through analysis has been carried out on the following 230kV line faults.
a. 3 phase-ground fault on Bus6-Bus9 230kV line close to Bus6. Bus6-Bus9 line opens in 430 milliseconds to clear the fault. b. 3 phase-ground fault on Bus6-Bus4 230kV line close to Bus6. Bus6-Bus4 line opens in 430 milliseconds to clear the fault. System shown in Figure 1 has been divided into three areas as shown in Figure 2 below. The wind farm has been connected to the Area3. The more detail of the wind farm' 230kV connection is shown in figure 3 . 
Wind Farm Connection
The large scale wind farm is located in Area3 and connected to bus10. It is comprised of 100 asynchronous wind turbine generators 1.5MW each, connected to the system by full scale frequency converters. As all the machines in the wind farm are of the same type, an equivalent single machine of the farm rated power can be used as a model of the whole wind farm [10] . Wind farms layout needs to be considered, particularly with variable speed devices. Farm layout may changes the regulation capabilities of these devices, and therefore their overall transient behaviour [11] .The total station output is 150MW. The wind farm output is carried through a 230kV transmission line between Wind Farm (WF) and Bus6 Terminal Station (B6TS) connecting to B6TS No 1 230kV bus via a 230/11kV transformer as shown in Figure 3 . In performing studies, a system snapshot was used from PSSE program. This snapshot was modified to include Wind Farm to create many study scenarios under various demands and transfer capability conditions.
High Demand, High Import from Area 1
This analysis is based on Area3 demand of 950MW with 277MW import from Area1. Results for the Bus6-Bus9 and Bus6-Bus4 230kV line fault simulations are summarised in Table 1 . Figure 4 contains plots of Bus6 230kV voltage, wind generator MW and MVAR output. Figure 5 shows commencement of reactive power injection within 100 milliseconds. WF enters ZPM during the initial and subsequent faults. Recovery to normal operation after fault clearance is satisfactory in both cases. Figure 4 and 5 contains plots of Bus6 230kV voltages, wind generator MW and MVAR output. A further study is undertaken to demonstrate WF response to automatic reclosure on to a sustained 230kV line fault. A 3 phase to ground fault near B6TS on the B6TS-Bus5 No 1 line, cleared in 430 milliseconds, is simulated. 3 seconds after the fault is cleared, a second 3 phase to ground fault is applied to the B6TS-Bus5 No 1 line. The second fault is cleared in 430 milliseconds and B6TS-Bus5 No 1 line is tripped. Result is shown in Figure 6 . WF enters ZPM during the initial and subsequent faults. Recovery to normal operation after fault clearance is satisfactory in both cases. Table 1 . Voltage response with 950MW area 3 demand and 277MW import from area 1. In analysing fault ride through capability of the wind farm, the fault taken into consideration is much more severe than what is stipulated in National Electricity Rule (NER) for compliance [7] . This approach is adopted to test that the wind farm can ride though much more severe faults.
Analysis of the Results
The result shows that WF is capable of riding through successfully a voltage dip to zero at the point of connection for 430 milliseconds. In all cases, the voltage recovers after fault clearnce and system damping is mostly acceptable. In each of the 230kV line fault simulations, WF active power is mostly restored to 100% of the pre-fault level within around few hundred milliseconds of fault clearance. Reactive power injection recommences within a similar period. Actual generator performance will likely to include the flexible setting options of wind energy converter which will prioritise the injection of active or reactive to the grid while riding through a fault. This would enable the units to supply active and reactive power at appropriate power factor after disconnection of the fault, to assist with restoration of the connection point voltage to within the range for continuous uninterrupted operation as required by some grid code. B6TS 230kV bus voltage recovers to above 0.8 pu on fault clearance for all conditions simulated. It is evident from the analysis that WF is possible to connect and operate in Australia that meet the compliance of National Electricity Rules as shown in the Table 2   Table 2 . Performance compliance assessment.
Conclusion
It is noted from the proceeding analysis that much care should be taken based on the stability point of view while interconnecting the large renewable energy sources to the utility. The renewable energy sources should be interconnected at a point which provides a higher stability margin.
The system under consideration is a small power system. However, in larger power system, this kind of study will provide greater evidence of WF's export capability which is outside the scope of this paper.
